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ABSTRACT 

When  mice  are  given  radiation  exposures  producing  the  hematopoietic 
syndrome,  It  Is  assumed  that  It  Is  the  killing  of  hematopoietic  stem  cells 
and  the  leuko-  and  thrombocytopenias  which  ultimately  develop  that  pre¬ 
dispose  the  animals  to  Infection,  hemorrhage  and  death.  The  colony¬ 
forming  unit  (CPU)  has  many  attributes  of  a  (the)  hematopoietic  stem  cell, 
and  It  might  be  expected  that  a  high  correlation  should  exist  between 
CPU  survival  and  survival  of  the  animal.  Some  earlier  studies  have 
supported  this  correlation,  whereas,  others  have  not.  In  the  present 
experiments  three  methods  of  CFU  enumeration  (endogenous,  exogenous,  and 
donor)  have  been  used  to  evaluate  this  cor~elation  in  mice  "protected" 
with  AET  or  bacterial  endotoxin.  The  results  show  that  the  different 
CPU  enumeration  procedures  yield  somewhat  different  results,  yet  under 
certain  conditions  the  LD,-0's  for  AET-  or  endotoxin-treated  mice  may  be 
predicted  within  5  -  10$  from  CFU  survival  curves.  In  spite  of  the  good 
correlation  between  CFU  survival  and  probability  of  survival  of  the 
mouse,  it  is  proposed  ’.;hat  the  CFU  is  not  the  stem  cell  which  determines 
the  radiation  sensitivity  of  the  mouse. 
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SUMMARY 

Problem: 

The  survival  of  hematopoietic  stem  cells  is  a  major  determinant  cf 
survival  In  midlethally  Irradiated  animals.  2y  knowing  the  relative  number 
of  stem  cells  In  the  mouse,  the  radiation  sensitivity  (D^)  of  stem  cells, 
and  the  critical  number  or  fraction  of  stem  cells  which  Is  essential  for 
survival  of  the  animal,  It  should  be  possible  to  predict  the  LD^q.  The 
colony-forming  unit  (CPU)  has  many  attributes  of  the  hematopoietic  stem 
cell,  and  the  present  experiments  were  designed  to  ovaluate  the  correla¬ 
tion  between  CPU  survival  and  survival  in  mice  "protected"  with  AST  or 
bacterial  endotoxin. 

Findings: 

Under  certain  conditions  the  LD^Q  for  AST-  or  endotoxin-treated  mice 
may  be  predicted  within  5  -  10^  from  CPU  survival,  curves.  Different 
methods  of  CPU  enumeration  yield  somewhat  different  estimates  of  CPU 
survival,  and  tfcs  v^otoctive  agent®  change  the  size  distribution  of 
spleen  nodules.  In  spite  of  the  correlation  between  CPU  survival  and 
LD^0  demonstrated  here,  it  is  proposed  that  the  CPU  is  not  the  stem  cell 
which  determines  the  LD^0  of  mice. 


ii 


9  v 1 1 1  '■*' ml*  j  fl  1W*****?* *  ^^*Wfr*PS?  *t«t-r  **s«  --: 


INTRODUCTION 


The  colony- forming  unit  (CRT)  exhibits  many  of  the  properties 
which  are  attributed  to  the  hematopoietic  stem  cell(e)  (1-6), 

Various  methods  of  quantitating  radiation  responses  of  CFJ's  have 
provided  the  tool  by  which  the  lethality  response  of  animals  and/or 
radiation  damage  to  the  hematopoietic  system  may  be  interpreted  in 
terms  of  survival  curves  derived  experimentally  for  stem  ceils  in  the 
bone  marrow  or  spleen  (7  -  9)*  ®ie  conceptual  basis  for  experimental 
studies  relating  LE^Q  and  CPU’s  is  the  hypothesis  that,  at  radiation 
exposures  producing  the  bone  marrow  syndrome,  a  direct  correlation 
exists  between  stem  cell  survival  and  survival  of  the  animal.  In  the 
present  experiments  we  have  attempted  to  evaluate  this  hypothesis. 

studies  of  the  correlation  between  radiation  responses  of  CPU's 
and  radiation  sensitivity  (LD^q)  of  animals  have  one  common  feature  in 
experimental  design,  yet  three  different  lines  of  investigation  have 
been  followed.  The  cocoon  feature  Is  that  the  LE^0  of  the  animal  l* 
varied  by  one  means  or  another,  and  the  CPU  responses,  In  terms  of 
numbers  surviving  or  I l^'s,  measured  to  det-  mine  if  the  CPU 

response  varies  in  the  same  fashion  as  does  the  survival  response  of  the 
animal  vis.,  an  increase  in  LD<-0  Is  accompanied  by  an  increase  in  the 
surviving  number  or  the  D-_.  A*  different  lines  of  investigation 
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relate  to  the  choice  of  means  of  altering  the  LD^.  The  means  used 
hertofore  have  been:  1)  age-dependent  changes  Involving  weanling  and 
adult  mice  (10  -  13);  2)  changes  In  LDCQ  produced  by  radio-protective 

procedures  (14  •  ?3);  and  3)  changes  in  LD^Q  which  are  related  to 
recovery  from  radiation  injury  (24), 

Certain  data  support  the  proposed  correlation  between  CRT's  and 
the  animals '  radiosensitivity,  but  other  data  do  not.  The  use  of 
different  methods  of  CRT  quantitation  as  well  as  details  of  the  experi¬ 
mental  designs  could  contribute  in  part  to  contradictory  results.  The 
radiation-protection  studies  with  MEG,  AET,  cystamine  and  hypoxia  differ 
in  some  details,  but  in  general  they  show  a  correlation  between  increased 
survival  of  mice  and  survival  of  CPU's  (16,  20  -  23).  However,  if  endo¬ 
toxin  or  cnolchicine  are  used  to  increase  survival,  the  relationship  is 
equivocal  in  the  sense  that  the  injection  time  producing  the  maximal 
effects  on  survival  is  correlated  with  the  greatest  changes  in  CPU's, 
but  very  large  increases  in  CPU's  occur  under  circumstances  which  have 
little  or  no  effect  on  survival  (14,  15,  17  -  19)*  Both  endotoxin  and 
AET  increase  survival  of  irradiated  mice,  but  different  mechanisms  are 
operative  (23).  Using  these  substances,  we  have  compared  the  survival- 
promoting  effects  and  their  influences  on  recovery  from  radiation 
injury  (26,  27 ) .  In  the  present  experiments  this  comparison  has  been 
extended  to  their  effects  on  survival  of  CPU's.  In  our  earlier  experi¬ 
ments  with  endotoxin  the  results  obtained  from  studies  of  endogenous  or 
transplantation  methods  differed  somewhat,  and  we  expressed  concern  about 
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various  factors  which  could  influence  the  endogenous  method  of  CRJ 
enumeration  (19).  Therefore,  in  the  present  studies  of  CRJ  responses 
and  mouse  LD,-0,  we  have  compared  different  methods  of  quantitating 
survival  of  CRJ's.  The  present  results  show  that  CRJ  responses  evaluated 
by  different  methods  do  in  fact  differ  in  some  particulars,  yet  under 
certain  conditions  it  is  possible  to  predict  the  measured  LD^q  within 
3  -  10$  from  the  survival  responses  of  CRJ's. 

METHODS  AND  MATERIAL 

Experimental  Animals: 

The  mice  U6ed  were  LAJ^  female  or  males  90  -  130  days  old  which 
were  bred  and  raised  in  this  laboratory,  ftiey  were  maintained  10  mice 
per  cage  and  allowed  Purina  laboratory  Chow  and  acidified  water  ad 
libitum. 

Irradiation  Procedure : 

Mice  were  exposed  to  250  kvp  X-rays  while  restrained  in  corked, 
perforated,  lusteroid  tubes  placed  on  a  rotating  turntable  at  100  cm 
from  the  target.  The  filtration  was  0.5  mm  of  copper  and  1.0  mm  of 
aluminum;  the  half  value  layer  was  1.35  mni  of  copper.  The  dose  rote  at 
this  distance  was  25.0  R/min . 

Protective  Procedures;  AET  and  Endotoxin : 

Aainoetnylisothiouroniua  bromide  ..ydrobronide  (AET),  buffered  U 
pH  7-2,  was  administered  in  draper!  toneaily  at  a  close  of  275  mg/ kg;  this 
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dose  w&s  essentially  sub lethal,  tor  only  an  occasional  animal  died 
following  injection.  When  AST  was  given  before  irradiation,  the  4 iterval 
between  injection  and  Irradiation  did  not  exceed  15  minutes.  In  some 
experiments  the  same  dose  of  AST  was  given  between  5  and  15  minutes  after 
irradiation . 

Die  endotoxin  used  in  these  studies  was  PIRCMEN,  a  highly  purified 
lipopolysaccharide  derived  from  Pseudomonas  (28).  Die  stock  concentra¬ 
tion  supplied  by  Flint  Baton  and  Company,  was  1000  ^ig/ml.  Die  mice  were 
injected  intraperitoneally  with  0.05  ml  (50  |ug)  of  the  stock  solution. 

This  dose  produced  occasional  signs  of  acute  toxicity  but  -was  sub lethal. 

All  animals  were  injected  24  -  1  hours  before  irradiation. 

Etemoral  Marrow  and  Spleen  Cell  Suspensions: 

Die  femurs  were  excised  from  a  minimum  of  five  decapitated,  exsangui¬ 
nated  mice,  each  taken  from  a  separate  cage.  A  small  opening  was  teased 
in  the  intercondylar  fossa  with  a  25-gauge,  1/4"  needle  mounted  on  a  1.0  cc 
syringe.  Die  needle  was  then  inserted  into  the  marrow  cavity  at  the 
opposite  end  of  the  femur  between  the  greater  trocanter  and  the  head. 

Dw  marrow  was  discharged  into  a  100  ml  teflon  bearer  by  forcing  a  small 
quantity  of  a  chilled,  balanced  salt  solution  (,ianks)  through  the  marrow 
cavity.  After  the  femur  tod  be  n  flushed  oeveraJ  times,  it  was  placed 
Into  a  15  mi  bottle  containing  a  snail  quantity  of  Hanks  *  solution. 

When  marrow  tod  been  collected  from  all  the  feme *-3 ,  the  teflon  beaker 
was  swirled  to  disperse  the  marrow  cells.  The  narrow  suspension  was 
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filtered  through  fine  mesh  nylon  (pore  size  of  0.3  ms)  Into  a  graduated 
cylinder.  The  nylon  filter  was  removed,  turned  inside-out,  and  placed 
In  the  bottle  with  the  femur a .  The  bottle  vaa  capped  and  gently  agitated 
to  suspend  the  cells  adhering  to  the  filter  or  the  epiphyses  of  the  bones. 
Marrow  cells  eluted  In  this  way  from  the  filter  or  bones  were 
transferred  to  the  graduated  cylinder  through  a  clean  nylon  .nicro- filter. 
The  latter  operation  was  continued  until  the  desired  volume  was  obtained. 
During  the  entire  procedure  the  marrow  cells  were  kept  at  between  4  -  10°  C 
by  performing  the  various  steps  within  the  confines  of  an  open  refrigerator 
This  prevented  coagulation.  The  nucleated  cell  count  was  determined  as 
described  below. 

The  spleen  was  excised  and  placed  on  a  gauze  pad  oois  tened  wl  th 
Hanks  solution.  The  capsule  was  opened,  and  the  spleen  was  deposited 
In  the  reservoir  of  a  stainless  steel  filter  assembly  fitted  with  a 
nylon  filter  with  pore  sizes  of  40  microns.  The  cells  were  carefully 
worked  loose  from  their  capsules  and  washed  through  the  filter  into  a 
40  ml  round  bottom  centrifuge  tube.  The  dissociated  apivon  cells  were 
centrifuged  at  1000  rpra  for  10  minutes  at  room  temperature.  Tie 
supernatant  was  withdrawn  and  the  spleen  '■uils  were  resuspended  in 
chilled  (4  -  10°C)  Hanks  solution  to  the  desired  volume.  Tic  total 
nucleated  cell  count,  was  determined  with  the  aid  of  a  here* cytoae ter 
using  a  .0*  HC1  diluting  fluid. 
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Methods  for  Enumerating  Colony- Ft>rm,i ug  Units; 

Endogenous :  The  method  used  is  that  which  was  first  described  by 
McCulloch  and  Till  in  19$*  (  3  ).  In  brief,  mice  which  are  exposed  to 
approximately  60  -  85^  of  their  U^o/30  show  nodules  in  their  spleens 
when  examined  8  days  later.  Die  number  of  spleen  nodules  is  inversely 
related  to  the  radiation  exposure. 

Exogenous  or  Recipient;  Recipient  mice  are  subjected  to  two  graded 
exposures,  separated  by  approximately  2  hours,  which  total  900  R;  a 
first  or  primary  (D^)  exposure  is  given  before  the  injection  of  the 
cell  suspension  containing  CRJ's,  and  a  second  (l^)  or  test  exposure  is 
given  to  the  transplanted  cells.  With  this  method  exposure-response 
relationships  are  established  by  comparing  the  number  of  CTO's  in  s 
nonirradiated  suspension  to  the  number  of  CTO's  in  that  suspension  which 
9 uni vc  various  radiation  exposures.  Numbers  of  CRJ’s  were  injected, 
which,  according  to  calculation  would  result  in  8  -  16  nodules/spleen 
after  any  teat  exposure  to  radiation.  This  was  usually  achieved  and  counts 
of  less  than  q  nodules/spleen  were  rarely  encountered.  In  these 
experiments  male  mice  were  u3ed  as  donors  of  raarrov  or  spleen  cells  and 
females  were  used  as  recipients.  Wl*en  ART  was  used  in  connection  with 
this  method,  the  drug  was  given  within  15  minutes  before  the  test 
exposure. 

Donor:  This  method  also  involves  transplantation,  but  it  is  distinct 
from  the  recipient  method  in  that  the  donor  mice  rather  than  the  recipients 
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are  given  the  test  exposure  to  radiation.  Donor  animals,  treated  or 
untreated,  are  given  graded  test  exposures,  sacrificed  within  30  minutes, 
and  suspensions  of  their  femoral  bone  narrow  or  spleen  -^2  is  are  injected 


into  recipients  exposed  to  900  R.  The  dilutions  used  were  adjusted, 
according  to  the  radiation  exposure  and  expected  survival,  to  produce 
8  -  16  nodules/spleen. 

Counting  Criteria  for  Spleen  Nodules: 

In  view  of  the  abundance  of  small  nodules,  especially  with  the 
endogenous  met  od,  and  in  view  of  differences  reported  earlier  in  size 
distribution  (19),  the  question  arose  as  to  the  effect  of  size  criteria 
used  for  enumeration  on  the  exposure  response  relationship.  Therefore, 
it  was  deemed  desirable  to  actually  size  all  spleen  nodules  so  that  the 
data  could  be  treated  on  an  expanded  baBis. 

The  spleens  of  the  recipient  mice  were  all  harvested  at  8  days, 
fixed  in  alcohol,  acetic  acid  and  formalin  (AAF),  and  the  nodules  were 
sized  with  the  aid  of  a  sterlozoom-dissecting  microscope  fitted  with  an 
optical  micrometer.  The  long  axis  of  all  discernible  nodules  was 
measured  to  the  nearest  0.1  millimeters. 

Statistical  Analysis: 

Median  lethal  doses  (LD^q's)  and  other  statistics  were  computed 
from  a  maximum  likelihood  solution  of  the  regression  of  the  normal 
equivalent  deviate  (Probit-5)  of  percentage  of  mortality  on  the  radiation 
exposure  in  roentgens  (R).  The  regressions  were  calculated  using  a 


USNRDL  program  based  on  probit  analysis  (29)  as  adapted  to  a  computer 
by  Aitchison  and  Brown  (30). 

Survival  curves  for  spleen  nodules  were  fitted  by  a  least  squares 
regression  of  the  logarithm  of  the  number  of  nodules  on  the  radiation 
exposure  in  roentgens  (R).  The  D^y's,  intercepts,  and  95 %  confidence 
intervals  were  derived  from  the  slope  and  standard  error  of  the  fitted 
curves . 

K'T’HRIMEHTAL 

LD-Qy^0  Determinations: 

The  effects  of  AET  or  endotoxin  on  30-day  survival  or  irradiated 
mice  are  sumnarized  in  Table  I.  The  LD^  fox  nontreated  control  mice 
was  721  R.  When  AET  (275  mg/Kg)  was  administered  approximately 
15  minutes  before  irradiation,  the  LI^0  was  1313  R>  an  increase  of  82# 
over  the  LD^q  for  controls.  Injection  of  AET  15  minutes  after  irradia¬ 
tion  produced  no  significant  increase  in  the  LD^  which  was  745  R. 

A  50  *xg  injection  of  endotoxin  given  24  hours  before  irradiation  raised 
the  LD^q  to  919  R,  an  increase  of  2?#.  It  should  be  noted  tliat  the 
8 lopes  of  the  exposure-response  curve  for  the  control  and  treated  groups 
did  not  differ  significantly. 

"Endogenous"  Spleen  Nodules : 

Figure  1  summarizes  the  results  of  experiments  which  relate  radia¬ 
tion  exposure  to  number  of  endogenous  spleen  nodules  in  four  groups  of 
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animals:  1)  untreated  controls,  2)  mice  given  AST  15  minutes  before 
irradiation,  3)  Dice  given  nET  15  minutes  after  irradiation,  and  4)  mice 

given  endotoxin  24  hours  before  irradiation.  The  data  are  presented  in 

£ 

terms  of  nodule  counts  based  on  two  size  categories,  0.5  mm  and  above  , 
which  excludes  the  background  of  tiny  nodules  and  restricts  the  scoring 
to  the  large  discrete  nodules  which  may  be  counted  easily  (Figure  2A), 
and  0.1  mm  and  above,  which  represents  the  total  count;  this  includes 
the  tiny  nodules  which  are  very  difficult  to  count  (Figure  2B). 

The  point  to  be  made  from  Figure  1  is  that  neither  the  protective 
procedures  (AFT  or  endotoxin)  nor  the  size  criterion  used  for  scoring 
produced  significant  alterations  in  the  slopes  of  the  survival  curves. 

The  variations  in  dose-responsiveness  were  such  that  the  D_7  estimates 
under  certain  circumstances  were  only  reliable  within  a  factor  of  ~  2. 

This  occurred  in  both  nontreated  controls  as  well  as  in  treated  animals. 
Even  if  this  high  degree  of  variability  were  disregarded  and  the  D.,_,'s 
were  accepted  as  such,  the  expected  increase  in  with  AST  given 
before  irradiation  are  not  observed. 

Although  the  slopes  of  the  survival  curves  are  not  changed  signifi¬ 
cantly  by  AET  or  endotoxin  giver,  before  irradiation,  tno  numbers  of  nodules 
which  occur  in  the  spleen  are  markedly  increased  over  the  control  values 
at  any  given  radiation  exposure.  On  the  basis  of  the  fitted  curves,  the 

a  the  largest  nodules  do  not  exceed  2.0  am. 
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relative  increases  and  controls  range  from  a  factor  of  10  to  >  100. 

Thus,  there  is  no  doubt  that  protective  procedures  which  increase 
S’xrvival  of  the  mice  in  some  fashion  produce  an  increase  in  the  number 
of  nodules  in  the  spleen.  One  may  attempt  to  interrelate  the  numbers  of 
spleen  nodules  and  survival  or  of  the  mouse  using  the  completely 
empirical  procedure  described  below.  In  doing  this,  we  have  disregarded 
the  variability  in  endogenous  nodule  responses  and  have  used  the  computed 
EL  ’s.  The  results  are  rather  surprising. 

The  "survival  curves"  in  Figures  1A  and  IB  have  been  extrapolated 
to  the  higher  exposure  ranges  in  which  only  fractions  of  a  nodule/spleen 
would  be  expected.  This  was  done  in  order  to  compare  the  expected 
number  of  nodules  present  at  the  measured  LD^'e.  The  measured  LD^'s 
for  the  various  protective  procedures  are  plotted  on  the  extrapolated 
portions  of  the  nodule  survival  curves .  This  intercept  of  the  nodule 
curve  and  the  LD^Q  exposure  is  an  estimate  for  the  number  of  spleen 
nodules  present  at  the  measured  LD^q.  Figure  1A  shows  that  at  the 
measured  LD^Q  of  721  ft  In  control  animals,  the  spleen  should  contain 
approximately  0.09  nodules.  If  0.09  nodules /spleen  is  selected  as  the 
value  at  which  control  mice  have  a  50$  probability  of  survival,  it  might 
be  expected  that  mice  given  protectant  would  also  have  a  50$  probability 
of  survival  at  0.09  nodules/spleen,  irrespective  f  the  absolute  exposure 
in  R  or  the  slope  of  the  curve  which  results  in  this  number  of  "surviving" 
nodules.  One  may  in  this  way  obtain  a  "predicted"  LDl^  for  AET  or  endotoxin 
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by  merely  moving  across  the  X  axis  and  determining  from  the  various  nodule 
survival  curves  the  point  on  the  X  axis  (the  exposure  in  R)  at  which  the 
survival  curve  reaches  ~0.09  nodules/spleen.  The  similarity  between  the 


measured  and  the  predicted  LD^'o  thus  indJ-caiie8  the  degree  of  reliability 
with  which  the  mouse's  LD^q  may  be  predicted  from  the  spleen  nodule 
responses.  These  relationships  are  suranarized  in  Table  ji,  The  expected 
IDj-q's  are  shown  separately  based  on  counts  of  large  nodules  (from 
Figure  1A)  and  based  on  tonal  nodule  counts  (from  Figure  IB).  Bared  on 
the  counts  of  large  nodules  m  animals  given  AET  15  minutes  before 
irradiation,  the  LD^Q  was  underestimated  by  approximately'  60  R  or  only 
about  5$.  In  the  groups  given  AET  after  irradiation  or  endotoxin  24  hours 


before  Irradiation  the  counts  of  large  nodules  overestimated  the  's 
by  approximately  21$.  On  the  other  hand,  total  nodule  counts  came  much 
closer  to  predicting  the  LD^  in  mice  given  either  endotoxin  or  AET  after 
irradiation.  The  estimated  LD^'s  were  within  9$  and  5$,  respectively, 
of  the  measured  LD^'s.  Thus,  the  interesting  point  is  that  in  spite  of 
the  variations  in  endogenous  nodule  responses  and  the  fact  that  small 
err  rs  are  amplified  by  the  extrapolation  procedure  used  ..ere,  the  LDr  's 
may  be  predicted  within  lot. 

Differences  in  t..c  sice  distribution  -d’  nod  .ies  it;  the  various  groups 
( Figure  2)  as  well  as  Counting  errors  ar.d  inherent  variability  ?f  the 
system  could  tartially  explain  the  influence  of  sice  oriteri  -n  on  the 


"accuracy"  of  hiV  .  prediction.  Figure  2  snows  that  in  Cor.tr  1  mi 


approximately  46$  of  the  nodules  were  0.4  mm  or  less,  but  in  the  endotoxin 
group  only  approximately  25$  of  the  nodules  were  in  that  size  category. 
Therefore,  when  large  nodules  are  scored,  a  greater  percentage  of  the 
total  distribution  is  measured  in  the  endotoxin  group,  approximately 
75$/  than  in  the  control  group,  approximately  5^$-  The  nodules  simply 
tend  to  be  larger  in  the  endotoxin- treated  animals  than  in  the  controls, 
and  this  could  contribute  to  "overestimation"  of  the  LD^0  by  virtue  of 
the  presence  of  "too  many"  nodules.  When  total  counts  are  used,  the 
importance  of  this  size  difference  is  diminished,  and  the  LD^  for 
endotoxin -treated  animals  is  overestimated  to  a  lesser  extent.  Since 
the  administration  of  AET  15  minutes  before  irradiation  also  increased 
the  siz''  distribution,  one  might  expect  the  relationship  between  nodule 
size  criterion  and  accuracy  of  LD^Q  prediction  to  vary  in  the  sane  general 
fashion  as  for  endotoxin.  This  is  not  the  case.  In  spite  of  the  tendency 
toward  larger  nodules,  the  LD^C  for  AET-treated  animals  was  "underestimated" 
rather  than  overestimated  using  either  size  criterion,  and  the  total 
nodule  count  had  less  predictive  value  than  the  count  of  large  nodules. 

In  the  case  of  AET  administration  after  irradiation,  a  procedure  which 
increases  toe  occurrence  of  spleen  nodules  without  increasing  the  LLY  ., 
the  "overes tination"  of  the  LDr  based  >n  large  nodules  is  related  to 
an  apparent  flattening  of  the  slope  f  too  exposure- response  c  -rve  as 
compared  with  the  controls  (see  Figure  LA). 


Donor  Experiments: 


Another  method  used  to  evaluate  the  radiation  responses  of  colony¬ 
forming  units  and  to  attempt  to  compare  CRJ  responses  with  the  mouse's 
radiosensitivity  involved  irradiating  the  animals  which  served  as  donors 
of  bone  marrow  and/or  spleen  cells.  Tne  donor  animals  were  given  graded 
radiation  exposures,  with  or  without  AET  having  been  given  approximately 
15  minutes  before  irradiation.  The  surviving  number  of  CPU's  was 
determined  by  sacrificing  the  animals  within  one  hour  after  irradiation 
and  injecting  the  appropriate  dilutions  of  marrow  or  spleen  cells  into 
recipient  animals  exposed  to  900  R.  Before  dealing  with  survival  of 
CPU's,  it  was  first  necessary  to  determine  if  the  protective  procedures 
changed  the  number  of  CPU's  present  in  the  femur  or  spleen  at  the  time  of 
irradiation . 

The  content  of  CPU's  in  the  femoral  marrow  and  spleen  of  nontreated, 
nonirradiated  mice  is  summarized  in  Table  III.  .Also  presented  are  data 
from  "donor  mice"  which  w'ere  injected  either  with  AET  15  minutes  before 
sacrifice  or  with  endotoxin  24  hours  before  sacrifice.  The  data  show 
trust  within  15  minutes  of  infection,  A£7T  effected  no  significant  changes 
in  the  femur  or  spleen  content  of  CFU's  or  nucleated  cells.  In  contrast, 
mice  given  endotoxin  24  hours  earlier  showed  of  the  order  of  a  two-fold 
Increase  in  spleen  content  of  CPU's,  the  nucleated  cell  Content  of  the 
spleen  and  the  ratio  of  CPU's/ 10"’  nucleated  cells  were  also  increased. 

Tie  femur  CFU  content  was  not  Increased,  but  a  significant  dr.  p 
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occurred  in  the  nucleated  cell  count;  this  resulted  in  appi\;ximate  by  a 

two-fold  increase  in  the  ratio  of  CFU's/10'1  nucleated  cells.  An  estimate 

of  the  effect  of  AET  or  endotoxin  on  the  distribution  of  spleen  nodule 

sizes  can  be  extracted  from  Table  III  by  dividing  the  femur  or  spleen 

content  based  on  counts  of  large  nodules  (0.5  am*)  by  tb*  content  based 

on  total  nodules  counts,  viz.,  in  the  fenur3  and  spleens  of  controls; 

the  fraction  of  large  was  9. 2/12. 7  =  .72  and  1.8/2. 7  =  .67,  respectively. 

Since  in  the  treated  groups  the  maxiumum  difference  from  control  values 

was  within  "{%  we  will  assume  that  the  size  distributions  of  nodules  in 

the  treated  and  control  animals  were  similar. 

£ 

The  numbers  of  CRTs  surviving  graded  radiation  exposures  in  the 
femur  or  spleen  of  AET- created  and  control  mice  are  shown  in  Table  IV. 
These  exposure-response  relationships  axe  presented  in  terms  of  the  two 
nodule  size  criteria,  0.1+  and  0.5+,  and  the  survival  curves  in  Figure  3 
were  computed  from  the  mean  CFU  counts  based  or.  the  0.5+  size  criterion. 
In  Figure  3  the  survival  curves  were  fitted  to  points  at  150  R  and  above 
in  the  controls  and  to  points  at  288  R  and  above  in  the  AFT- treated 
animals;  this  was  done  to  avoid  the  shoulder  region  and  to  restrict  the 
curve  fitting  to  the  exponential  portion  of  the  survival  curve.  However, 
it  lo  somewhat  difficult  to  establish  what  is,  in  fact,  the  exponential 

*  'These  values  do  not  represent  the  total  CFU  content  of  the  femur.  No 
adjustment  has  been  Bade  for  injected  CPU's  which  do  not  localize  in  the 
spleen. 
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portion,  especially  in  the  case  of  the  AET-treated  animals .  In  general, 
the  CFU  survival  data  from  the  treated  animals  are  more  variable  than  in 
the  controls,  and  the  observed  points  are  less  well  fitted  by  the  survival 
curves  shown  in  Figure  3*  This  was  particularly  the  ease  at  exposures  of 
<  400  R.  On  the  other  hand,  it  is  quite  clear  that  one  has  several  options 
in  tne  curve  fitting  and  the  inclusion  of  more  points,  e.g.,  192  and  240  R 
from  Table  IV,  could  also  yield  a  survival  curv^  which  is  an  acceptable 
fit  to  the  data.  This  matter  of  curve  fitting  assumes  importance  in 
connection  with  the  inferences  to  be  drawn  from  the  data  in  terms  of 

the  estimation  of  AET-protection  ratios  and  prediction  of  the  LD.--. 

50 

The  dependence  of  intercept  value  and  a  parameter  of  goodness 

of  fit,  the  correlation  coefficient,  on  the  size  criterion  and  the  assump¬ 
tions  concerning  the  portion  of  the  curve  to  be  fitted  are  summarized  in 
Table  V.  The  points  to  be  made  from  these  data  are:  1)  in  the  controls 
the  's  were  essentially  unaffected  by  either  the  size  criterion  or  the 
assumptions  pertaining  to  snoulder  width  (fitting  points  of  120+  or  150+) ; 
2)  in  the  AET  group  the  size  criterion  had  no  effect  on  the  D^,  but 
fitting  th.!  survival  curve  to  points  at  286  R+  rather  thar  194  R+  decraaaed 
the  by  25  -  3°  R-  This  small  decrease  in  Dr,  is  not  significant,  but 
it  makes  a  rather  large  difference  in  t+«  AET-pr  tec t ion  ratio,  the 
eslimat »  f  the  surviving  number  of  CPU’s  at  toe  ID,. ,,  and  the  predicted 
LD,  ,  •  Pur  example,  the  pr  tecti.-n  ratios  for  femur  end  spleen  CFTJ's  are 


respectively,  depending 


ani  the  assumptions  made  oncemin.;  the  width 


.  f  the  snoulder 


survival  curve  (Table  VI).  In  spite  of  this,  the  results  in  -Table  VI 
show  that  by  extrapolation  the  LD^q  for  the  AET-treated  mouse  may  be 
predicted  within  12$. 

The  size  distributions  of  the  nodules  which  were  counted  in  the 
donor  experiment  are  shown  in  Figure  h.  AFT  did  not  markedly  influence 
the  size  distribution  of  either  femoral  or  splenic  CFU's.  This  figure 
also  shows  a  small  difference  in  the  size  distribution  of  splenic  and 
femoral  CFU's.  In  the  spleen  60$  of  the  nodules  were  large,  whereas, 
the  value  for  the  femur  was  70$. 

Recipient  Experiments:  Exogenous  CFU 

The  third  method  used  to  study  radiation  effects  on  CFU’s  involves 
the  experimental  design  which  was  described  by  Till  and  McCulloch  in 
their  initial  contribution  in  this  area  (1).  It  is  noteworthy  that  the 
variability  of  this  method  is  much  less  tuan  with  the  endogenous  or 
donor  methods;  this  fact  is  illustrated  in  Figures  5  -  9  by  the  compara¬ 
tively'  small  confidence  intervals  of  the  D  ' s.  In  this  method  the 
normal  bone  marrow  or  spleen  cells  to  be  tested  are  injected  into  irradia¬ 
ted  recipient  mice.  The  test  cell?  are  irrediatc~  in  vivo  by  giving  t..e 
recipient  animal  graded  radiation  exposures.  When  protectants  like  AFT 
are  involved,  the  agent  is  given  to  the  recipient  animal  a'  tne  appropriate 
time,  vie.,  Ip  minutes,  before  irradiation. 

The  radiation  response  f  normal  bone  narrow  eva luted  by  this  method 
is  shorn  ir.  Figure  h.  All  aplcer.  nodules  were  sired  and  the  responses  are 
presented  in  terms  -f  counts  of  large  nodules  (Figure  bA)  end  ir.  terras  of 


total  nodule  counts  {Figure  5B).  The  criterion  of  size  distribution  did 
not  materially  alter  either  parameter  of  radiation  response,  namely 
the  or  the  extrapolation  number.  Fitting  the  curves  to  points  above 
74  or  149  R  also  had  little  effect.  The  D^'s  were"&0  R,and  the  extra¬ 
polation  numbers  <^1.7  -  2.2. 

Using  this  same  method,  the  radiation  response  of  spleen  cells  was 
evaluated  and  the  data  are  summarized  in  Figure  6.  Based  cn  large  and 
total  nodule  counts,  the  curves  fitted  to  all  observed  points  gave  D^'s 
of  ?1  and  73  R,  respectively,  and  the  extrapolation  numbers  were  1.27 
and  1.01.  Eliminating  the  two  data  points  at  <  75  R  from  the  regression 

did  not  change  either  the  D  _  or  the  extrapolation  number,  lliminating 

5  * 

the  points  below  150  R  yielded  a  I*  of  37  R  (63  -  145)  with  an  extra¬ 
polation  number  of  0.30  based  on  large  nodules,  and  a  of  84  R  (6l  - 
135)  and  an  extrapolation  number  of  O.jl  based  on  total  counts.  It 
snould  be  noted  that  in  the  exp-. sure  range  abov.  l4;<  R  considerable 
scatter  was  observed. 


Injecting  AST  into  toe  recipient  animals  before  the  test  cells  were 
irradiate  l  trancedly  increased  the  D  for  CPU's  obtained  from  the  femur 
and  spleen.  Figure  summarises  the  results  with  CRJ's  from  bone  narrow, 
with  the  tw  -  sice  criteria  being  pi  tied  separately  in  Figures  A  and  y. 
Toe  ■  irw:i  are  based  .»«  excluai  f  j«  in tel  w  R  for  controls 
i Figure  -  at;  1  tel  tw  1‘-  K  f  r  APT .  Vain,  the  crit-ri  rs  had  a 


he-. lip.it  >  effc  -t  n  the  li  .  ani  ex  trap  ‘nti  -a  nutt  -*r.  The  ext  rap;  lat-ior. 
tvesi ers  f  t  y  \hT  and  c  ntroi  curves  were  j.ite  similar.  The  \hT- 


protection  ratio  was  1.74  based  on  either  large  or  total  nodule  counts. 

The  size  distribution  of  spleen  nodules  resulting  from  the  transplanta¬ 
tion  of  marrow  from  AST- treated  or  control  mice  was  similar;  the  large 
nodule  category  comprised  71$  and  68$,  respectively,  of  the  total 
distributions . 

The  results  with  transplanted  spleen  cells  (Figure  8)  show  that 
AET  produced  a  large  increase  in  the  D^'s,  but  the  matter  of  common 
intercepts  for  the  control  and  AET-survival  curves  was  somewhat  less 
clear.  The  CFU-survival  curves  from  the  AET- treated  animals  had  the 
interesting  property  that,  if  the  two  points  below  150  R  are  excluded 
from  the  curve  fitting,  the  Y  intercepts  were  slightly  increased;  a 
comparable  increase  was  not  observed  in  control  animals  when  the  suoulder 
area  was  excluded,  from  the  curve  fitting  (Figure  7).  Therefore,  AET  may, 
in  this  fashion,  affect  the  shoulder  area  of  the  CFU-survival  curves 
derived  from  the  tranplanted  spleen  cells.  Based  on  counts  of  nodules, 

AET  increases  the  by  a  factor  of  l.?5  -  1.37  and  on  the  basis  of 
total  nodule  c  xmts  by  a  factor  of  1.62  -  1.72  .  The  nodule  size  distribu¬ 
tions  were  similar;  72$  large  nodujes  in  the  AET  group  and  6.)$  in  the 

controls.  The  surviving  fractions  and  predicted  LD.  .  .  derived  from  the 

pt- 

recipient  experiments  are  sumnarized  In  Table  VII. 

Tht?  range  is  bared  on  comparison  .7  for  AET  and  control  curves 

excluding  and  including,  respectively-,  the  "shoulder  points". 

id 


Experiments  were  also  conducted  with  CFU's  from  the  femurs  and 
spleens  of  endotoxin-treated  mice  to  determine  if  the  survival  curves 
might  have  any  different  properties  than  CFU-survival  curves  from  non- 
treated  control  mice.  The  basic  design  is  as  was  described  above  for 
"recipient  experiments",  except  that  in  the  endotoxin  groups  the  marrow 
and  spleen  CRJ's  were  obtained  from  mice  which  had  been  injected  with 
endotoxin  24  hours  before  sacrifice.  The  effect  of  endotoxin  on  CFU  and 
nucleated  cell  content  in  these  organs  was  described  above  in  Table  II. 

The  results  in  Figure  9  show  that  endotoxin  treatment  did  not  alter  the 
radiation  sensitivity  of  CFJ's  derived  from  the  spleen  or  femur. 

The  response  of  spleen  CRJ's,  based  cn  large  and  total  nodule  counts, 
is  illustrated  in  Figure  10A.  Alx  observed  points  were  considered  in  the 
fitted  survival  curves,  since  exluding  points  at  <  ?5  or  150  R  gave  D^~'s 
which  were  within  1  R  and  extrapolation  numbers  within  0.02  units  of  the 
values  derived  by  fitting  all  points.  The  control  D^'s  for  sP^-een  Crli'f.: 
from  endotoxin -treated  or  control  animals  were  essentially  identical. 

Based  on  counts  of  large  nodules,  both  D  ,'s  were  71  R,  and  based  on 
total  nodule  counts,  the  l^'s  were  do  and  7d  R,  respectively.  The  only 
difference  between  the  endotoxin  and  control  curves  was  a  slight  displace¬ 
ment  of  the  endotoxin  curves  on  the  X  axis  which  produced  small  and  statis¬ 
tically  insignificant  increases  in  the  intercepts.  Based  on  total  counts 
the  Intercept  was  1 . 3-d  compared  with  an  intercept  of  1.01  in  controls; 
tasei  on  counts  of  large  nodules,  the  increase  wa3  from  1.2 f  for  control 
curve  to  l.o4  for  the  endotoxin  curve.  Ibe  possibility  thus  arises  of  some 


small  effect  of  endotoxin  on  the  shoulder  region  of  the  survival  curve. 

On  the  other  hand,  this  could  result  from  endotoxin  altering  the  size 
distribution  of  spleen  nodules.  Tills  matter  of  size  distribution  will 
be  considered  in  detail  elsewhere. 

The  D^,,  of  CRTs  derived  from  the  bone  marrow  of  endotoxin-treated 
mice,  87  R,  was  only  5  R  higher  than  the  control  value  when  all  points 
were  fitted  (no  point  was  below  100  R).  The  Q^'s  and  extrapolation 
numbers  were  the  same  based  on  either  larger  or  total  nodule  counts. 

The  intercept  of  1.23  for  the  endotoxin  curve  was  O.52  units  below  the 
control  intercept,  but  the  difference  was  not  significant.  When  the 
endotoxin  curves  were  fitted  to  the  points  at  180  R  and  above,  the  extra¬ 
polation  numbers  and  D-^'s  were  1 .46/84  R  based  on  u^tal  counts  and 
1.40/85  R  based  on  counts  of  large  nodules. 

Many  sources  of  variation  (dilution,  injection  and  irradiation)  are 
inherent  to  the  recipient  experiments  as  well  as  the  other  methods  employed 
in  the  present  study.  Perhaps  the  greatest  potential  source  of  outright 
error  is  present  in  the  recipient  method  when  used  in  conjunction  with 
protective  procedures  such  a.  the  injection  of  AET  or  endotoxin.  At  least 
three  factors  came  into  play  which  couud  increase  the  background  number 
of  .nodules  in  the  recipient  spleen,  and  thus  could  significantly'  bias 
the  data:  1)  fractlo.^itlon  of  exposures,  early  repair,  and  changes  in 
sensitivity  -  recipient  animals  receive  two  exposures,  a  "primary"  exposure 
and  a  "test"  exposure  (administered  to  the  transplanted  marrow  or  spleen 
CFU’s)  which  are  separated  by  hours.  The  process  of  early  repair 
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could  be  Initiated  after  the  primary  exposure,  and  this  could  result  in 
an  increase  in  the  surviving  number  of  CPU's  in  the  recipient  spleen. 

This  same  effect  could  be  produced  by  changes  in  the  radiosen3itivity  of 
CPU's  in  the  spleen  which  survive  the  primary  exposure  (31,  32); 

2)  CPU  mobilization  and  migration  to  the  spleen  -  earlier  experiments 
showed  that  endotoxin  causes  an  increased  migration  of  CPU's  to  the 
spleen  (19),  and  over  a  period  of  several  hours  AET  could  have  the  same 
effect.  The  results  in  Figure  1  showed  that  AET  given  after  irradiation 
increased  the  number  of  endogenous  spleen  nodules.  This  curve  in  Figure  1 
is  clearly  not  a  survival  curve  for  CPU's  indigenous  to  the  spleen,  but 
probably  represents  the  effect  of  radiation  on  the  ability  of  the  spleen 
to  sequester  surviving  CPU's  which  are  mobilized  into  the  circulation. 
Therefore,  with  the  two-hour  fractionation  used  in  the  recipient  experi¬ 
ments,  the  lever  the  "primary"  exposure,  the  more  important  this  factor 
might  be;  3)  AET  protection  of  the  recipient  spleen  -  mice  receiving 
the  primary  exposure  are  injected  with  the  test  sample  of  marrow  or  spleen 
cells  and  are  irradiated  ~2  hours  later  in  the  presence  of  AET.  Hie  AST 
"protects "  some  fraction  of  the  exogenous  cells  in  the  spleen  at  the  time 
of  irradiation,  but  in  addition,  the  drug  also  protects  CPU's  in  the 
spleen  and  in  other  sites  in  the  recipient  animals  which  have  survived 
the  primary  exposure;  the  recipient  animals  extrasplenic  CPU's,  which 
should  be  protected  by  the  AET,  could  contribute  to  the  spleen  nodule 
court  via  migration. 


21 


We  have  attempted  to  evaluate  the  composite  effect  of  these  factors 
on  the  CRJ  counts  in  the  recipients '  spleens .  The  results  of  control 
experiments  on  endogenous  spleen  nodules  are  summarized  in  Table  VIII - 
First  of  all,  most  of  the  nodules  observed  in  these  animals  given  high 
exposures  were  quite  small,  <  0.5  mm.  A  single  exposure  of  900  R  resulted 
in  an  average  ccxmt  of  1.0  nodule/spleen,  based  on  total  nodule  count. 

This  is  higher  than  the  expected  value  of  #v0.3  n/s  based  in  Figure  IB, 
but  is  undoubtedly  within  the  limits  of  sensitivity  of  the  system.  The 
two-hour  fractionation  (400  +  500  R)  resulted  in  an  increase  in  the  total 
nodule  count  to  2.1  n/s.  An  increase  would  be  expected  on  the  basis  of 
the  considerations  mentioned  above.  The  total  spleen  nodule  counts  were 
also  increased  to  2.6  and  2.1  in  animals  receiving  fractionated  exposure 
with  AET  given  before  the  second  fraction.  These  results  show  that  using 
the  experimental  design  particular  to  the  recipient-type  experiments 
(Figures  6  -  10),  the  number  of  "background"  nodules,  especially  small 
nodules,  in  the  recipientb  spleen  is  increased.  However,  the  background 
of  large  nodules  was  m  t  increased  to  a  level  which  could  confer  signifi¬ 
cant  bias.  Since  the  bac'  ground  count  of  large  nodules  in  the  recipient's 
6pleen  was  <0.2  n/s,  the  exposure-response  curves  constructed  from  counts 
of  .large  nodules  are  least  subject  to  bias,  and,  cased  on  the  similarity 
of  E^p's  based  on  counts  of  total  and  large  nodules,  it  appears  doubtful 
that  even  the  total  nodule  counts  were  seriously  biased. 
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DISCUSSION 


Whether  an  animal  lives  or  dies  may  be  predicted  with  some  degree 
of  reliability  by  evaluation  of  various  functional  indices  of  hematopoiesis. 
Yet,  for  many  years  the  mammalian  radiobiologist  has  sought  more  quantita¬ 
tive  indices  and  has  viewed  with  envy  the  highly  quantitative  data  obtained 
from  radiation  studies  with  cell  cultures  in  vitro.  In  1961,  Till  and 
McCulloch  described  a  means  whereby  the  survival  of  heraatopoetic  stem  cells 
c  raid  be  evaluated  in  vivo  in  a  fashion  which  would  yield  cell  survival 
data  that  approximate  cell  culture  methods  in  its  quantitative  aspects  (1). 
The  availability  of  this  metnod  and  later  development  of  another  method 
of  stem  cell  enumeration  (33>  3*0  has  given  great  impetus  to  studies 
designed  u  interpret  radiation  injury  arid  recovery  in  the  animal  in  terms 
of  cell  survival  carves  and  population  kinetics .  In  the  present  report  we 
have  extended  ;ur  earlier  studies  c  ncorr.ing  tne  relations. rip  between 
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endotoxin  on  the  relative  numbers  of  CPU's  in  the  irradiated  mouse  (19,  2^). 
Based  on  the  present  results,  we  will  first  intercompare  and  discuss  the 
properties  of  the  CPU  responses  measured  by  the  different  raethols,  and 
then  deal  with  the  relationship  between  CRJ's  and  the  animal's  survival. 

We  will  initially  consider  endogenous  spleen  nodules  in  connection 
with  D37'6  or  slopes  of  the  survival  curves,  the  problem  of  size  distribu¬ 
tion^)  and  the  possibility  of  migration  of  CPU's  to  the  spleen.  In  most 
of  the  earlier  studies  concerned  with  protective  procedures,  the  endogenous 
method  was  used  (13-15,  18-20,  22,  23).  Ihe  present  data  indicate  that 
dose-response  studies  with  endogenous  spleen  nodules  show  a  high  degree 
of  variability  and  may  be  quite  sensitive  to  the  nodule  size  criterion 
used  for  scoring.  We  are  not  aware  that  these  points  have  been  made  before. 
On  the  basis  of  our  of  66  R  based  on  large  nodules  (0.5  m+)  and  the 
value  of  117  R  based  on  total  nodule  counts  (0.1  »),  it  appears  that 
any  within  this  range  could  be  generated  by  changing  the  size  criterion. 
If  the  group  sizes  were  larger,  it  might  be  possible  to  show  significant 
differences  in  as  a  function  of  nodule  size.  The  present  estimate  if 
60  R  is  somewhat  low  compared  with  me  often  cited  values  of  /0  -  1  >■  R 
(7-9),  but  it  is  close  to  the  value  f  ’4  R  derived  fr  rr.  data  ,>f  Jmihh  e t  n  1 . 
(It),  jn  the  other  hand,  it  is  somewhat  higher  tan  ♦.:;<«  <  -  R  vn Ivor- 
reported  by  Vnoex  and  Jugahara  (2u) .  On  the  laris  g'  the  nodule  ri/.e- 
Ll  .  relationships  proposed  here,  it  may  be  t.;at  the  valuer  cited  by  Vn,-«*r 
and  Jugahara  are  related  to  t.ieir  uce  of  a  large  rice  rriteri  n  fa-ili- 
tate  nodule  counting  n  ther  than  real  di f ferences  in  t.-.e  rail  --sev.r.  1*  ivf 


of  CFU'S. 


Using  the  endogenous  method,  we  have  studied  the  responses  of  spleen 
CFU's  under  conditions  in  which  survival  is  increased  by  pre- irradiated 
administration  of  either  bacterial  endotoxin  or  AET.  This  permits  evalua¬ 
tion  of  the  relationship  between  survival  of  spleen  CFU's  and  survival  of 
the  mouse.  The  administration  of  endotoxin  or  AET  before  irradiation 
significantly  increased  30-day  survival  and  increased  the  numbers  of  CFU's. 
Although  in  the  treated  animals  CFU's  were  observed  at  much  higher  radia¬ 
tion  doses  than  in  control  animals,  the  CFU  survival  curves  were  essentially 
parallel  to  the  survival  curves  in  the  control  animals.  Neither  endotoxin 

nor  AET  s .gnifieantly  changed  the  D-,-,.  A  change  in  the  U,_  for  endotoxin 

ji  3 1 

was  not  expected  based  on  our  earlier  work  which  showed  no  alteration  in 
the  radiosensitivity  of  CFU's  in  endotoxin-treated  animals  (14,  19),  but  a 
chemical  protectant  such  as  AST’  which  does  alter  cellular  sensitivity  (25) 
might  be  expected  to  increase  the  Du_. 

Using  the  closely  related  >. _  m pound  MEG,  Jmith  etal.  showed  a  signifi¬ 
cant  change  ir.  "he  si.  pe  of  the  survival  curve  and  concomitantly  in  the 
(It).  A  significant  increase  in  tne  D ...  for  endogenous  CFU's  in 
animals  Irradiated  under  nypoxlc  conditions  has  also  been  observed  by 
Vacek  and  Juganara  (2c)  arid  Riilllps  and  Hanks  The  protective 

drug  cystamine  was  used  by  Juraskova  and  Tkadleoek  (22)  In  studying 
survival  of  endogenous  spleen  nodules .  The  importance  f  changer.  In  the 
elopes  of  trie  survival  curves  was  less  cl.c.-  in  tneir  experiment,  and 
.c  were  n  t  used  to  evaluate  tne  drug's  effectiveness  - 


changes  in  u. 


In  their  experiments  the  numbers  of  spleen  nodules  were  increased  under 
conditions  (injection  20  minutes  before  irradiation)  which  apparently  did 
not  change  the  slope  of  the  CPU  survival  curve.  However,  at  injection 
Limes  closer  to  irradiation  (<  8  minutes  before  the  beginning  or  the  mid¬ 
point  of  exposure)  the  slopes  of  the  CFU-survival  curves  were  quite  shallow 
and  the  D^'s  would  be  high. 

Our  results  with  AET  injected  before  irradiation  appear  to  be  more 
comparable  to  those  of  Juraskova  and  Tkadlecek  with  regard  to  the  absence 
of  a  significant  change  in  slope.  The  question  therefore  arises  in 
connection  with  the  various  protective  procedures  as  to  why  slope  changes 
occur  under  certain  circumstances  and  not  under  others .  One  factor  could 
involve  drug-induced  mobilization  of  CPU's  and  their  sequestration  in  the 
spleer .  This  was  shown  to  occur  following  the  administration  of  endotoxin 
(19).  An  AET-survival  curve  parallel  to  the  control  curve  (resulting  in 
no  change  to  the  )  could  occur  as  a  composite  of  the  following  two- 
component  curves:  1)  the  "expected"  rurvival  curves  with  an  increase  in 
the  and  an  intercept  the  same  as  the  control;  and  2)  a  curve  describing 
the  number  of  CFU's  which,  following  drug  injection,  are  redistributed 
and  migrate  to  the  spleen  in  animals  receiving  graded  radiation  exposures. 
Evidence  for  mobilization  to  tne  spleen  following  AET  injection  comes 
from  the  present  experiments  in  which  AET  was  given  after  irradiation. 

Under  these  conditions,  the  number  of  nodules  occurring,  in  tne  spleen 
was  increased  above  the  controls  and  was  related  to  the  radiation  exposure 

2t 


which  the  animal  sustaineu  (Figure  1).  Such  a  mobilization  probably  also 
occurs  following  the  injection  of  colchicine,  and  Breeder  et  al.  hevo 


suggested  this  may  contribute  to  an  increase  in  the  spleen  nodules  when 

colchicine  was  given  after  irradiation  ( 1? )  •  This  redistribution  .tight, 

also  partially  explain  the  increased  numbers  of  spleen  nodules  which  occur 

following  the  injection  of  DM,  hilled  tumor  cells,  or  milk  (35)-  If  may 

also  be  t  at  differences  in  tne  size  distributions  of  nodules  between 

control  and  of  treated  animals  could  also  influence  the  scoring  and 

consequently  the  slope  of  the  survival  curve. 

The  value  of  the  explanation  offered  here  for  parallel  slopes  must 

await  more  data  and  a  more  thorough  analysis  of  the  existing  data.  This 

explanation  is  not  supported  by  the  results  of  Smith  et  al.  who  showed  a 

difference  in  the  slope  of  the  CrU-survival  curve  in  MEG-treated  mice  (lu). 

Even  discounting  their  assumption  of  a  common  intercept8,  a  significant 

e'nange  in  the  Dr,  remains.  Perhaps  tne  imp.; rt ant  point  is  that  wnen  the 
3  l 

endogenous  spleen  nodule  met.iod  is  used  in  connection  with  protective 
drugs,  various  pharmacological  responses  may  impinge  upon  the  test  system, 
and  the  radia’i  n-dose-resgvmse  relationship  might  re  aptly  tented,  as 
well  as  interpreted,  as  ocourrei, :e  curves  rather  than  true  survival  curves. 
.Suffice  it  t.  say  wita  tne  endogenous  spleen  nodule  met  .  >d  the  various 


c.ieh  in 


t  rie 


ties  as  well  ns  t he  intercepts 


trees 


Under  con  lit  ions  ayp  -xio  protect!  m  or  pre-treatment  wit:,  cysuimine, 
>nm,.  n  intercepts  are  act  observed  with  t  .e  endogenous  met  nod  {22,  23)  • 


are  yet  to  be  completely  defined  and  resolved.  Yet,  in  spite  of  the 
variability  and  the  dearth  of  information  about  factors  which  impinge 
upon  the  system,  the  present  data  show  that  under  certain  conditions  these 


curves  can  be  used  to  predict  the  LDC„  for  endotoxin-  or  AET- “""eated 

ob 

animals  within  5  *  1C -a.  The  matter  of  LILq  prediction  will  be  considered 
to  a  greater  extent  below. 

We  will  new  consider  the  transplantation  method  of  evaluating  CPU's 
and  discuss  the  effects  of  the  protective  agents  on  the  relative  numbers 
of  CPU's  in  the  femur  and  spleen  both  befre  and  after  irradiation;  in 
addition,  the  D^'s  extrapolation  numbers  derived  by  the  various  methods 
will  be  compared.  Quantitative  studies  of  CPU  survival  which  are  con¬ 
ducted  by  transplantation  methods  have  several  advantages  over  the  endog¬ 
enous  method.  By  determining  the  relative  number  of  CPU's  in  the  femur 
and  spleen  bo  to  before  and  after  irradiation,  both  the  surviving  pumper 
and  the  surviving  fraction  (or  percentage)  may  be  considered. 

We  first  determined  if  the  infection  of  either  AET  or  endotoxin 
changed  the  number  of  CPU's  present  in  the  femur  _r  spleen  a.  the  time 
the  animals  were  V  be  irradiated.  An  iu.iecti  >n  of  AP.T  1?  minuter,  be'  re 
sacrilice  f  the  animal  produced  a  small  but  statistical  ly  insigni :M  '  mt 
increase  (11  -  i^)'  in  the  CPU  c  ntent  f  the  spleen  and  femur;  the 
nucleated  cell  content  of  these  organs  -was  unaltered.  Ir.  contrast, 


TP. is  range  is  based  on  total  and  large  nodule  counts. 


endotoxin  given  2k  hours  before  sacrifice  produced  significant  increases 
of  21$  in  the  nucleated  cell  content  and  85  -  100$  in  CfU  content  of 
the  spleen.  >'o  change  was  observed  in  the  CFU  content  of  the  femur,  but 
the  nucleated  cell  content  declined  by  40$.  This  resulted  in  an  increase 
of  76  -  98$S  in  the  number  of  CRJ’s/lO^  nucleated  cells  in  the  femurs  of 
endotoxin- treated  animals.  The  present  results  showing  an  increased 
content  of  CRTs  in  the  spleen  of  endotoxin-treated  animals  are  at  variance 
with  the  results  of  Smith  et  al.  (3^>).  The  explanation  for  this  difference 
is  not  known.  The  present  results  showing  an  increase  in  the  ratio  of 
CRJ's/10^  nucleated  marrow  cells,  but  no  net  increase  in  the  number  of 
CfU's /femur  are  at  variance  with  our  report  of  an  absolute  increase  in 
the  CFJ  content  of  the  femur  (19,  2k).  In  this  case  the  difference  may 
be  ascribed  to  the  use  of  only  four  donor  mice  in  the  earlier  work. 

A  comparison  of  survival  curves  constricted  from  CFJ  data  obtained 
by  transplantation  of  marrow  or  spleen  ceils  (donor  and  exogenous  or 
recipient  methods'  differs  freer,  the  endogenous  survival  curves  in  two 


imp.  rtant  particulars,  namely,  AKT  ir.creas 
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regard  to  the  snoulaer  region  of  these  survival  curves  as  derived  from 


estimates  of  the  extrapolation  number  or  intercept  value.  Using  the 
normal  content  of  9200  CPU 's/femur  ('Table  III)  and  the  calculated  Y 
intercepts  of  15,400  or  17,300  (Figure  3,  Table  5),  an  extrapolation 
number  of  1.68  -  1.83  may  be  estimated  from  donor  experiments.  The 
comparable  intercept  derived  from  the  exogenous  studies  was  1.74.  In  the 
presence  of  AET,  the  derived  by  the  doner  method,  128  R,  vas  quite 
close  to  the  D^_,  of  124  R  derived  by  the  exogenous  method.  However,  the 
Y  intercept  value  of  1.23  derived  from  the  donor  experiments  with  AET 
was  lower  than  the  value  of  l.?4  in  the  recipient  studies  .  The  AET- 
px-otection  ratio  (PR)  estimated  by  the  don  r  metnod,  123/77  "  1.66, 
approximates  the  PR  of  143/32  =  1.75,  estimated  by  tne  recipient  method. 
Therefore,  in  most  respects  the  responses  described  for  femoral  CPU's  by 
the  donor  and  recipient  met nods  are  in  fairly  close  agreement. 

The  AET-prctection  ratios  reported  here  for  femoral  CPU's  may  be 
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2.18  is  ''-'30 %  higher  than  the  value  of  1.66  reported  here.  Some  of  the 
difference  between  their  results  and  those  reported  here  could  relate  to 
curve-fitting  procedures,  since  we  too  obtained  a  protection  ratio  of 

2.19  for  spleen  CRJ's  when  points  in  the  190  -  280  R  range  were  included 
in  the  regression  (Table  VI).  We  feel  that  there  is  uncertainty  about 
the  "shoulder  width"  and  shape  of  the  AET-6urvival  curves  shown  in 
plgure  3j  and  if  only  points  below  250  R  fitted  in  the  controls  and  points 
below  400  R  were  fitted  in  the  AST  group,  the  IL,,  estimates  would  be 
closer  to  those  reported  by  Dt^.Lan  and  Fuhrer  (21).  This  will  be  dis¬ 
cussed  in  greater  detail  below. 

A  comparison  of  the  radiation  responses  of  spleen  CPU's  evaluated 
by  the  endogenous,  donor,  and  recipient  methods  show  some  interesting 
differences  as  well  as  similarities.  The  control  obtained  by  the 

endogenous  and  exogenous  methods  were  similar  at  66  and  71  R>  respectively, 
but  based  on  tie  donor  method,  a  somewhat  lower  value  of  54  R  was 
observed.  In  the  presence  of  AET  the  D-,„  obtained  by  the  donor  method 

0  i 

was  98  R  and  the  estimate  from  the  exogenous  method  was  124  R.  Although 
the  Dy,  values  differ  by  27%,  the  difference  was  not  significant.  The 
difference  between  the  control  Dr,'s  derived  by  these  two  methods  was 

_•  i 

31%  (54  and  /I  R),  but  ir.  spite  of  the^e  differences,  the  estimates  of 
the  AST- pro  taction  ratio  were  similar.  The  FR  value,;  are  >7,54  -  L.' 
for  the  donor  experiments  and  124/71  =  1.75  for  the  exogenous  method. 

Although  ART  significantly  alters  the  radi,  sensitivity  of  CRT's  in 
the  marrow  and  spleen,  the  present  results  l-tainei  by  t;.e  recipient 


31 


method  snow  that  endotoxin  does  not  share  this  effect.  In  these  experi¬ 


ments  marrow  and  spleen  cells  were  obtained  from  endotoxin-treated  mice, 

and  the  radiosensitivity  of  the  resident  CFU's  was  measured  following 

transplantation  into  recipient  animals.  Hie  D for  spleen  and  marrow 

CFU's  derived  In  this  manner  were  within  5  P  of  the  El_  values  for  the 

it 

controls .  Thu  ,  it  appears  that  endotoxin  does  not  markedly  influence 
the  radiosensitivity  of  CFJ's.  This  is  consistent  with  our  earlier 
observations  based  on  endogenous  spleen  nodules  (19)*  However,  endotoxin- 
treated  animals  do  show  an  earlier  reappearance  of  circulating  leukocytes 
(37-40)  and  CFU's  in  the  femur  and  spleen  (2k,  36).  The  importance  of 
these  regenerative  phenomena  has  been  discussed  elsewhere,  and  further 
comment  concerning  the  numbers  of  CFU's  surviving  in  the  femur  and  spleen 

will  be  deferred  until  we  present  other  survival  results  based  on  both 

donor  and  recipient  methods,  and  data  pertaining  to  CFU  repopulation. 

Before  considering  the  relationship  between  the  present  data  and  radio- 
sensitivity  of  the  animal,  we  wish  to  mention  the  relationship  between 
relative  numbers  of  CFU's  determined  by  most  of  the  enumeration  methods 
used  here  and  the  total  numbers  of  CFU's  which  are  actually  present  in 
the  spleen  and  femur.  Jinee  no  transplantation  procedures  are  involved 
in  :ueas  iring  radiation  responses  f  endogenous  CFU's,  it  iuas  been  assumed 
that,  extrapolation  of  the  survival  curve  V  the  Y  intercept  (0  exposure) 

yield;,  an  estiuate  .»f  the  Vital  CFV  population  in  trie  normal  spleen  (It  ). 

This  i  ro-ced  o-e,  however,  d. •es  :  ->t  c>  nsl-ier  the  shoulder  of  t:.c  survival 


cu  -v»,  and,  u.us,  should  eve  res  imate  the  population.  When  transplantation 


procedure:;  are  used  to  evaluate  tne  t  >tal  CPU  content  oi  the  spleen,  tne 
"platin0  efficiency"  or  ..ie  percentage  of  inject'd  CPU'c  whica  for:;  spleen 


colonies  must  be  considered,  jirair. jvitc’n  et  al .  (4)  derived  a  factor  of 
17%  whereas,  Playfair  and  Cole  (4l)  reported  that  ^3$  of  marrow  CPU's 
produced  spleen  colonies.  Thus,  with  a  known  "recovery  efficiency",  one 
may  calculate  tne  absolute  number  of  CFU's/organ  from  the  relative  number 
determined  experimentally  by  transplantation  procedures.  Usinp  this 
procedure,  Smith  et  al.  have  reported  "embarrasinyly  close"  agreement 
between  the  estimates  of  ~  dOC  for  total  spleen  CPU  content  in  normal 
animals  whie..  were  derived  from  (1)  the  Y  intercept  of  their  survival 


curve  *'?r  ends jenous  spleen  nodules  and  from  (2)  the  total  number  derived, 
us  in;-;  the  factor  of  17 %  from  “ra  ns  plants  tier,  of  normal  spleen  cells  into 
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between  the  findings  of  Smith  etal.  and  our  own  may  be  partially  related 


to  technical  points  such  as  the  use  of  different  mouse  strains  and  the 
different  size  criterion  for  scoring.  Also,  the  relative  number  of  spleen 
CFU's  is  higher  in  their  animals  than  in  ours,  v  5000  vs.  '-vl800;  this 
could  mean  their  recovery  procedures  are  more  efficient  than  ours. 

Moreover,  in  our  hands  the  Y  intercept  values  are  rather  variable,  and 
we  reported  earlier  (19)  an  intercept  of  2000  which  differ  markedly, 
though  not  significantly,  from  the  intercept  reported  here.  Based  on 
two  sets  of  data  reported  by  Smith  et  al.  (If,  16),  it  appears  that  they 
too  have  observed  similar  variation  in  intercepts .  Some  of  the  differences 
observed  within  our  results  and  those  of  Smith  et  al.  may  be  related  to 
the  nodule  size  criteria.  As  mentioned  above  and  to  be  described  in 
detail  elsewhere,  both  the  and  the  intercept  value  may  be  strongly 
influenced  by  the  size  criterion.  In  view  of  our  uncertainties  concerning 
intercept  value  and  "recovery  efficiency",  we  deem  it  inappropriate  at 
this  time  to  attempt  to  discuss  the  results  of  the  present  donor  or 
exogenous  experiments  in  terms  of  absolute  numbers  of  CRJ's/organ  or 
CHJ's /mouse . 

The  potential  of  the  CRT  as  a  tool  whereby  radiation  lethality  in 
the  animals  may  be  related  to  tem  cell  survival  was  fully  discussed  by 
Till  and  McCulloch  in  their  early  contributions  (1,  3 ) •  More  recently 
tills  relationship’  lias  been  discussed  in  some  detail  by  Bond  et  al .  (7), 

Bond  and  Robinson  Patt  and  Jjala  (If),  and  Robinson  (j).  Several 

experimental  studies  have  been  conducted  by  others  to  evaluate  the 


3^ 


relationship  between  CPU's  and  survival  of  mice.  Since  the  age-dependent 
changes  in  LD^q  and  CPU  responses  are  not  directly  related  to  the  present 
results,  the  ensuing  discussion  will  deal  principally  with  protectants. 

In  general,  protection  experiments  in  which  endotoxin  or  colchicine 
were  used  to  increase  survival  did  not  support  a  direct  correlation  between 
endogenous  spleen  nodules  and  survival.  These  substances,  in  effect,  pro¬ 
duced  either  too  many  nodules  or  produced  an  increase  in  nodules  under 
circumstances  in  which  survival  was  not  increased  (14,15,17-19)*  On  the 
other  hand,  protection  experiments  by  3nith  et  al.  with  MEG  (16),  Vhcek  and 
Sugahara  and  Phillips  and  Hanks  with  hypoxia  (20,23),  and  Juraskova  and 
Tkadlecek  with  cystaxnine  (22),  generally  support  the  correlation  between 
spleen  nodules  and  survival.  Smith  et  al.  (l6)  reported  that  the  protection 
ratio  of  1.67  for  endogenous  CPU's  was  in  close  agreement  with  the  PR  of 
1.59  which  was  based  on  mortality  responses.  Our  results  with  endogenous 
nodales  cannot  be  treated  as  were  the  data  of  Smith  et  al.,  since  AET- 
pretreatment  produced  no  significant  difference  in  D^y*  liowever,  a  protec¬ 
tive  ratio  of  some  validity  may  be  derived  from  the&v.  oata  by  comparing  the 
radiation  exposures  which  result  in  the  same  number  of  nodules  in  th°  presence 
and  absence,  respectively,  of  ALT.  For  example,  if  exposures  producing 
1 ;  n/V.  were  in  controls  and  "4  in  AHT- treated  mice,  the  PR  would  be 
•74/4, „’3  ■  2..  This  mo*  nod  •>!'  lorivatu  n  was  use  1  by  Jurask.  vn  and 


dadlecoK  and  may  be  is 0.1  with  tnc  present  drtn,  but  a  preble::,  arises  in 
hat  the  PH  is  not.  independent  of  the  number  >f  nodules  at  which  the 


c  ompar  isen 


T.iir*  is  attributable  t  small  di tforeiieee  in  slopes 


is  :mde . 


of  the  survival  curves .  Based  on  a  comparison  of  .large  nodules  in  control 
and  AST-treated  mice,  the  range  of  protection  ratios  is  from  2.18  at 
20  n/s  to  1.82  at  0.5  n/s  (from  Figure  1a).  Thus,  in  the  readily  countable 
range  of  5  *  15  n/s,  the  PR's  of  1.99  -  2.14  are  somewhat  higher  than  the 
PR  for  30-day  survival,  but  by  extrapolation  to  higher  radiation  exposures 
where  efficient  counting  is  impossible  due  to  the  paucity  of  nodules,  the 
PR  approximates  the  PR  of  1.8l  for  30-day  survival.  This  result  is 
comparable  to  that  obtained  by  attempting  to  predict  the  LILq  for  AET  on 
the  basis  of  a  50$  probability  of  death  when  the  number  of  nodules  in  the 
spleens  of  AET- treated  animals  reaches  the  number  expected  at  the  LD  ^ 
for  controls.  Using  this  extrapolation  procedure,  the  predicted  LD^ 
was  within  5$  of  the  observed  LD^Q  (Table  I).  At  present,  we  can  offer 
no  clear  explanation  for  the  improved  predictive  values  derived  by- 
extrapolation  to  high  exposure  range.  At  present,  we  feel  this  is  a 
fortuitous  property  of  the  "occurrence  curve"  in  AST-treated  animals, 
and  this  property  could  result  from  factors  such  as  mobilization  of  CRT's 
to  the  spleen  and  changes  in  nodule  size  distribution  which  are  accompanied 
by  changes  in  the  slope  of  the  c  ,rve.  This  matter  will  be  considered  in 
greater  detail  elsewhere. 

The  CFU-surviva!  curves  derived  by  the  don  ;r  or  recipient  method  are 
more  readily  inter,  re  table  in  terms  <-f  their  relationship  .  0  trie  LD,  of 
the  animal.  The  earlier  report  of  Dupian  arid  Fuhrer  (21),  based  m  experi¬ 
ments  of  the  d.  nor  type,  generally  supported  the  re  la  ti  nshig  between 
survival  of  femoral  CRT’s  and  survival  of  t-.e  animals,  •<;  tney  r*  Intel 
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out  that  PR  for  CRJ’s  of  2.2  was  somewhat  higher  than  the  PR  of  1.8  for 
30-day  survival.  Their  data  were  not  treated  in  terms  of  surviving  number 
of  surviving  fraction  at  the  LD  's.  As  mentioned  above,  their  observa¬ 
tion  of  e  rather  high  PR  for  marrow  CPU's  could  be  related  to  curve- 
fitting  procedures .  For  example,  in  the  present  donor  experiments  with 
femur  CPU's,  PR's  approaching  2.0  were  obtained  for  both  femoral  and 
splenic  CPU's  when  points  above  74  and  l.ko  k  >  >re  fitted  in  the  control 
and  AET  group;  whereas,  fitting  the  points  above  149  and  287  R,  respectively 
decreased  the  PR's  to  *^1.7*  Mont  of  the  change  in  the  PR's  resulted  from 
the  decrease  in  for  AET- treated  CPU's  from  158  to  128  R.  We  wish  to 
again  call  attention  to  the  fhct  that  in  the  donor  experiments  with  AET, 

CPU  survival  in  both  the  femur  and  spleen  was  lower  than  expected  at 
exposures  of  <  250  R.  In  addition  to  the  survival  curves  shown  in 
Figure  4,  one  could  also  fit  curves  with  more  shallow  slopes  to  the  points 
at  exposures  lower  than  250,  and  thus  generate  two  component  curves  for 
booh  the  femur  and  spleen.  If  this  were  done,  the  intercepts  of  the  AET 
curves  would  be  lower  than  in  the  controls .  Toxicity  of  AET  or  radio- 
sensitization  could  produce  thru  effect  and  might  help  explain  some  of  our 
earlier  recovery  studies  with  mice  given  AET  (26),  but,  at  present,  we 
can  only  state  that  the  radiation  responses  in  tne  lower  exposure  range 
are  undefined.  More  points  are  being  added  to  the  AET  curve  in  the  donor 
experiment  in  the  hope  of  clarifying  the  responses  in  tne  lower  exposure 
range  and  obtaining  better  estimates  of  the 
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,Ve  propose  that  the  extent  of  the  correlation  depends  on  whether  the 
''normal "  steady-state  relationships  prevail  between  various  -.narrow  "cumpar 
merits "  or  population  components  at  the  tine  of  irradiation,  or  whether 
tiiese  relationships  'nave  been  perturbed  by  some  fact  r  such  os  a  previous 
recent  exposure  to  irradiation.  Perhaps  in  t.ie  regenerating  : narrow,  wlien 
normal  steady-state  relationships  nave  been  altered  and  differentiation 
pressures  which  inpinye  on  the  stem  celi  compartments )  and  their  pr  .ye ny 
are  ’  .anyel,  priority  is  assigned  to  proliferation  of  the  compartment,  the 
cells  i.:  wr.ich  deter. nine  the  radiosensitivity  of  the  anitai.  This  is 
accomplished  at  the  expense  of  she  allocation  of  cells  to  compartments  in 
which  proliferation  and  differentiation  occur.  This  nay  only  sc  a 
transient  phenomenon,  but  its  existence  in  supported  by  the  fact  tnai  in 
srlit-dose  experiments  the  animal’s  LD...,  has  returned  to  near  normal  at 

*  po 

the  time  when  CPU  repopulation  has  Just  i-ojun  (24).  ix tension  of  this 
Topic  would  require  that  the  CFU  be  classified  as  a  stem  cell  with  pluri- 
potent  potential,  but  in  t  as  the  ^tom  cell  wr.ich  determine _  the  radio- 
sensitivity  of  an  animal.  Tnia  1  .,ie  vc uld  further  require  t.;o  existence 
sf  (a  .  s' em  cellis)  more  primitive  '  .an  the  JFU . 

It  Is  important  to  mr-..  that  lac  present  i-es  sh  "wirih  a  hi,:;. 
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and  the  CFV  were  to  remain  constant.  IXiring  marrow  regeneration  after 
irradiation,  these  relationships  change,  and  CFU  repopulation  in  the 
femur  (24)  appears  to  be  most  closely  correlated  with  changes  in  the 
mirobers  of  leukocytes  which  occur  several  days  later  (40).  It  should 
also  be  pointed  out  that  during  hematopoietic  regeneration,  CRJ's  may  be 
very  positively  correlated  with  survival  potential  of  the  animal,  as  is 
the  case  with  granulocytes  (37),  but  as  we  have  shown  earlier,  survival 
potential  after  a  single  exposure,  and  recovery  from  radiation  injury  as 
described  by  the  return  toward  a  nonial  LD^0  following  a  sublethal 
exposure,  are  capacities  which  vary  quite  independently  (26,  43).  These 
findings  and  the  speculation  offered  here  support  the  admonition  of  Patt 
to  the  effect  that  a  great  deal  of  biology  exists  between  the  ”6tem  cell' 
and  the  survival  of  an  animal  (44). 
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Estimate  for  ACT-  or  Endotoxin-Treated  Mice  Derived  by  Extrapolation 
of  Survival  Curves"  for  Endogenous  Spleen  Modules 
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Donor  Experiments;  The  Influence  of'  Curve-Fitting 
Procedures  and  Nodule  Size  Criteria  on  for  Intercept  Values. 
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Kie  Effect  of  fractionation  and  AET 
on  Numbers  of  Endogenous  Spleen  Colonies 


Mean  Colony  Count/Spleen 
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a  95$  confidence  interval, 
b  The  Interval  between  fractions  was  2  hours, 
c  AET  given  ~ 15  minutes  before  irradiation. 
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ENDOGENOUS  SPLEEN  NODULES~| 


Figure  1.  Relationship  between  radiation  exposure  and 
number  of  nodules/spleen.  Each  point  represents  the 
average  ratan  of  11  -  15  spleens. 


Figure  2.  Size  distribution  of  endogenous  spleen  nodules 


SURVIVING  FRACTION 
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CONTROLS 


Fig.  5A 


Fig.  5B 


Figure  5.  Survival  curves  for  CIU's  derived  from  normal  femoral 
bone  marrow.  Each  point  represents  the  mean  from  counts  of  11  -  15 
spleens. 


TRANSPLANTED  SPLEEN  CELLS 

CONTROLS 


Figure  6.  Survival  curve  for  CFU's  derived  from  normal 
spleens.  Bach  point  ie  based  on  nodule  counts  in  11  -  15 
spleens . 
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TRANSPLANTED  FEMORAL  BONE  MARROW\ 
AET-TREATED 


NKDL«M-«7 


Figure  7.  Jurvtval  curve  for  narrow  CFU's  irradiated  in  the 
presence  of  AiiT.  The  drug  was  given  5  -  15  minutes  before 
exposure.  liach  point  is  based  on  tie  nodule  counts  in  11  -  15 
spleens . 
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When  mice  are  given  radiation  exposures  producing  the  hematopoietic  syndrome,  it 
is  assumed  that  it  is  the  killing  of  hematopoietic  stem  cells  and  the  leuko-  and 
thrombocytopenias  which  ultimately  develop  that  predispose  the. animals  to  infection, 
hemorrhage  and  death.  The  colony-forming  unit  (CFU)  has  many  attributes  of  a  (the) 
hematopoietic  stem  cell,  and  it  might  be  expected  that  a  high  correlation  should 
exist  between  CFU  survival  and  survival  of  the  animal.  Some  earlier  udies  have 
supported  this  correlation,  whereas,  others  have  not.  In  the  presei.  xperiments 
three  methods  of  CFU  enumeration  (endogenous,  exogenous,  and  donor)  ha»e  been  used 
to  evaluate  this  correlation  in  mice  "protected"  with  AET  or  bacterial  endotoxin. 

The  results  show  that  the  different  CFU  enumeration  procedures  yield  somewhat  dif¬ 
ferent  results,  yet  under  certain  conditions  the  LD^q' s  for  AET-  or  endotoxin- 
treated  mice  may  be  predicted  within  5  -  10$  from  CHJ  survival  curves.  In  spite  of 
the  good  correlation  between  CFU  survival  and  probability  of  survival  of  the  mouse, 
it  is  proposed  that  the  CFU  is  not  the  stem  cell  which  determines  the  radiation 
sensitivity  of  the  mouse. 
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